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ABSTRACT 

Context. The comparison of observed counts in a given sky direction with predictions by Galactic models yields constraints to the spatial 
distribution and the stellar birthrate of young stellar populations. In this work we present the results of the analysis of the stellar content of the 
XMM-Newton Bright Serendipitous Survey (XBSS). This unbiased survey includes a total of 58 stellar sources selected in the 0.5 - 4.5 keV 
energy band, having a limiting sensitivity of 10~ 2 cnt s -1 and covering an area of 28.10 sq. deg. 
Aims. Our main goal is to understand the recent star formation history of the Galaxy in the vicinity of the Sun. 

Methods. We compare the observations with the predictions obtained with XCOUNT, a model of the stellar X-ray content of the Galaxy. The 
model predicts the number and properties of the stars to be observed in terms of magnitude, colour, population and fjf y ratio distributions of 
the coronal sources detected with a given instrument and sensitivity in a specific sky direction. 

Results. As in other shallow surveys, we observe an excess of stars not predicted by our Galaxy model. Comparing the colours of the identified 
infrared counterparts with the model predictions, we observe that this excess is produced by yellow (G+K) stars. The study of the X-ray 
spectrum of each source reveals a main population of stars with coronal temperature stratification typical of intermediate-age stars. As no 
assumptions have been made for the selection of the sample, our results must be representative of the entire Solar Neighbourhood. Some stars 
show excess circumstellar absorption indicative of youth. 
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(PMS) phase. As a consequence, X-ray flux-limited surveys de- 
tect young (PMS and ZAMS) stars up to larger distances than 
old (main sequence, MS) ones. Hence, shallow stellar X-ray 
selected samples will be dominated by young sources while 
old stars will be the dominant population in deep high-latitude 
stellar X-ray samples, since young sources have small er scale 
heights than the limiting distance of the survey (see (Micela 
120031 and references therein). 

Stellar X-ray surveys play an important role in understand- 
ing the recent star formatio n histor y in our Galaxy in the last 
billion years (eg. lFavata et alJl992l) . The comparison between 
X-ray observations and predictions derived from X-ray galactic 
models can constrain the properties of stellar populations, such 
as their spatial distributions and the stellar birthrate in the solar 
neighbourhood. Thus, X-ray surveys are a very useful tool for 
studying the stellar population in the (near) Galaxy. 



1. Introduction 

It is well known from the study of young open clusters 
that magnetic activity traced by coronal X-ray emission 
evolves during the stars life. The average L x decreases from 
~ 10 30 erg s _1 to ~ 10 27 ergs~ 1 during the life of normal 
late-type stars JMicela et alJI 19851 fl988t Iduedel et all 1 19971 
Feigelson & Montmerlel ll999l) . This decrease mostly occurs 
between the Zero Age Main Sequence (ZAMS) and the solar 
age, while it is nearly negligible during the pre-main sequence 
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Galactic longitude (I) 

Fig. 1. Galactic distribution of the fields of the XBSS JDella Ceca et alJ Eo04): circles, triangles and squares are used for repre- 
senting observations carried out using the Thin, Medium and Thick filter in MOS2, respectively. Filled symbols are plotted for 
those fields where stellar counterparts have been identified. The position of the Gould Belt is shown (continuous line), with a 
width of ±5° (dashed lines). 



A computational model for the prediction and analysis of 
the distribution of galactic X-ray stell ar coronal s ources counts, 
XCOUNT, was developed bv lFavata etaD dl992l) . The model 
allows the prediction of the number and properties, in terms 
of magnitude, colour, population and / x // v ratio distributions 
of the stellar coronal sources detected with a given instrument 
and sensitivity in a specific sky direction. 

One of the first results of the comparison between pre- 
dictions and observations of the Extended Medium Sensitivity 
Survey of Einstein (EMSS. lGioia et alJl990l) was the detection 
of an excess of yellow stars in the observations (tFavata et alJ 
1988) lat er confirmed to be due to youn g (Pleiades-age) stars 
jFavata et al.Hl 993t ISciortino et al.Hl 99.4 . An excess of young 
stars in the solar neighbourhoo d was also detected by Exosat 
and Rosat (eg. Taglia ferri et alJlT994l) . These results exclude 
scenarios with decreasing stellar birthrate in the last billion 
years, although they are unable to discriminate between a con- 
stant and an increasing stellar birthrate hypotheses, because 
of the limited sample size (Mic ela et alJ ll993). On the con- 
trary, the analysis of the Chandra Deep Field-North (CDF-N, 
iBrandt et al.ll20 01i) shows a lack of F, G and K dwarfs with 
respect to the predictions (tFeigelson et al.lEo04l) . The num- 
ber of dM stars agrees very well with that predicted by the 
model but there is an excess of dF, dG and d K stars in the 
predictions (Micela 2003; Feigelson et al . 2004). The observed 
lack of yellow stars is in the opposite direction of the discrep- 
ancy obtained with the EMSS, although it must be noticed 
that the CDF-N is dominated by old-disk stars while young 
(PMS and ZAMS) stars are dominant in the EMSS. In the 
same way, a first i nspection of the m edium-deep X-ray survey 
HELLAS2XMM (Bal di et alJl2002l) shows an excess of pre- 



dicted stars jMicela et al.ll2003l) . Old (> 1 Gyr) stars dominate 
with the intermediate-age (0.1-1 Gyr) stars contributing no 
more than 23%, while the contribution of very young (0.01 - 
0. 1 Gyr) stars is negligible. 

The discrepancy between the results of shallow and 
medium-deep surveys could be explained by a non-constant 
stellar birthrate and/or incorrect assumptions on the spatial dis- 
tribution of stars and its dependency on age in the galactic 
model. On one hand, an increased star formation rate in the 
last billion years would account for the excess of young stars 
in shallow surveys. On the other hand, a density distribution 
decreasing with distance from the Galactic pla ne much more 
steeply than the assumed ex ponential shape ("e.g. lGuillout et all 
199ol lHavwood et"afll 19971) would account for the lack of old 
sources in medium and deep surveys. In this context, Chandra 
and XMM-Newton surveys could be able to discriminate be- 
tween these_two_possible scenarios, thanks to their high sensi- 
tivity dMicelal2003h . 

The XMM-Newton Bright Serendipitous Survey (XBSS) 
was conceived with the aim of complementing the results 
obtained by medium and deep X-ray surveys. It contains 
two flux limited samples of serendipitous XMM-Newton 
sources at galactic latitudes \b\ > 20° (see Fig. the 
XMM Bright Source Sample (BSS) containing the sources 
detected in the energy range 0.5 - 4.5 keV with count-rate 
> 10~ 2 cnt s 1 in EPIC-MOS2, and the XMM Hard Bright 
Source Sample (HBSS) with sources revealed in the energy 
range 4.5 - 7.5 keV wi th count-rate > 2 x 10~ 3 cnt s _I (see 
bella Ceca et all l2004t for details). For a Raymond-Smith 
spectrum with temperature 0.7 keV, typical of an active coro- 
nal source, the count-rate limit in the two chosen bands corre- 
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sponds to an unabsorbed flux limit of 6.8 x 10~ 14 erg crrT 2 s _1 
and 3.7 x 10" 13 erg cirT 2 s _1 , respectively. With this sensitivity, 
the XBSS complements deeper XMM-Newton and Chandra 
surveys with fluxes ranging from 1CT 14 to 10~ 15 erg cirT 2 s _1 . 

The total area covered by the survey at the flux limit is 
28.10 sq. deg. for the BSS (25.17 for the HBSS). The complete 
sample contains 400 X-ray sources, 389 sources belonging to 
the BSS. Up to now ~ 90% of the BSS sources have been ob- 
served spectroscopically. Fifty-eight of these sources have been 
identified with stars, corresponding to 15% of the BSS sample. 
In the following we will refer only to the BSS as our sample 
since all the stars belong to it while only two belong to the 
HBSS, which is largely dominated by extragalactic sources. 

Thanks to the XMM large effective area, the BSS is unique 
since it is the only survey of this kind where X-ray spec- 
troscopy can be obtained for all the stars detected. The other 
particularity of the BSS is that it is unbiased at the flux limit; 

1. e., none a priori assumption has been made when selecting 
the sample. This makes the obtained results to be representa- 
tive of the entire Solar Neighbourhood. In addition, we should 
have detected all the young stars in the field of view. With the 
sensitivity of the BSS, X-ray sources with Lx ~ 10 29 erg s _1 
(typical of young stellar coronal sources) could be observed at 
distances up to 110 pc (see § 14. II for a more detailed descrip- 
tion). Assuming a scale height of 100 pc for the young (0.01 - 
0. 1 Gyr) stellar population, our sample should contain the large 
majority of the young stars in the field of view. 

Here we carry out an analysis of the X-ray s pectra of the 58 
sourc es 1 identified with stars in the BSS (see Delia Ceca et alJ 
2004, for details on the survey strategy and sample selection) 
as well as a study of their population, e.g. their distribution 
in spectral type and age, computed using the Galactic model 
XCOUNT. In §|2] we determine the optical and infrared coun- 
terparts of the X-ray sources. In §[3] we give the results of the 
analysis of the X-ray data. A discussion on the comparison be- 
tween model predictions and observations is carried out in §0] 
Concluding comments are given in §[5] 

2. Cross-identification 

Infrared counterparts of our X-ray sources have been identi- 
fied from the 2MASS 2 database. For the cross-identification, 
a search radius of 18 arcsec has been adopted bearing in mind 
the 15.1 arcsec XMM-Newton mirror psf half energy width, the 
1-2 arcsec uncertainty in the absolute position of a source in 
the EPIC detectors and the astrometric accuracy of ~ 0.2 arcsec 
of the 2MASS catalogue. Note that Delia Ceca et al. (2004) es- 
timate a positional error of the X-ray sources of the XBSS of 
6 arcsec. The results of our cross-identification of the stellar 
sample with the 2MASS database are in agreement with these 

1 Fifty six of them are given in jDella Ceca et alJ |2004) . The 
new stars identified since then are XBS J040744.6-7 10846 and 
XBSJ122655. 1+012002. 

2 The Two Micron All Sky Survey is a joint project of the 
University of Massachusetts and the Infrared Processing and Analysis 
Center/California Institute of Technology, funded by the National 
Aeronautics and Space Administration and the National Science 
Foundation. 



errors. All the infrared counterparts are found within a radius of 
8 arcsec from the centroid of the X-ray source, 95% with offset 
< 4 arcsec. A cross-identification with the SIMBAD 3 database 
and Tycho-2 catalogue has also been carried out in order to 
identify obvious optical counterparts and to verify the spectral 
types of the infrared counterparts. 

Of the 58 stars identified to date in the BSS, 29 have an 
optical counterpart in SIMBAD, while the whole sample has 
been cross-identified with 2MASS. The infrared and optical 
counterparts are listed in Table |3 together with the JHK S 
colour information from 2MASS. Right ascension and decli- 
nation of the infrared sources and positional offset between the 
X-ray sources and their 2MASS counterparts are also given. 
In Fig. we show the J - H vs. H - K colour-colour di- 
agram for our sample. The dashed line in th e figure repre- 
sents t he main sequence track as defined bv iBessell & B rett 
( 1989) adapted here to the 2MASS photometric system follow- 
ing the Section 4 of the Explanatory Supplement to the 2MASS 
All Sky Survey 4 . The dotted line represents the giant branch 
dBessell & Bretdfl989l) . All the stars in the sample are on the 
main sequence track, which coincides with the giant branch for 
spectral types G0-M0. Nevertheless, two exotic objects have 
been optically identified (see Table|2j: the wide binary system 
WD 1631+78 (XBS J 1629 11.1+780442) and the cataclysmic 
variable BL Hyi (XBS J014100.6-675328). The former is a bi- 
nary system made up of a white dwarf and an active M4.5 dwarf 
(e.g. ICooke et al.1 1992) which likely causes the observed X- 
ray emission (see lSion et al.lll995l) . The latter is a well-known 
polar - a binary system formed by a white dwarf and a pre- 
main sequence red dwarf - where the red spectral energy dis- 
trib ution of the companion d ominates th e overall colour (see 
[ Tovmassian et alfeOOltlHoard et al.l2002llWachter et alJ2003t 
ICaccianiea et al.l2004 . 

We have used the infrared colours of the 2MASS coun- 
terparts for determining the spectral type of the sources, 
which will be used in comparing observations with model 
predictions (|2}. For counterparts with J - H < 0.6 mag. and 
H - Ks < 0.15 mag. we use J - H; for the rest of the sources 
we use H - The reason of such a division is that the 
J - H index is adequate for spectral classification of A to 
early-K stars but not for late-K and M dwarfs, where the dif- 
ferences in / - H are very small. For them, the H - K$ in- 
dex is more accurate (see Fig. [5^). Possible reddening has 
not been taken into account. However, no reddened sources 
are identified when comparing infrared colours with the op- 
tical ones from Tycho-2, for the sources in common. Fig. 
shows the J-K& distribution of the infrared counterparts. Sixty 
four per cent of the sources (including both binary systems 
containing a white dwarf companion) are K-M stars; the re- 
maining are yellow stars - spectral types F-G - with the ex- 
ception of XBS J224833.3-511900, with colours typical of a 
B dwarf but with very large errors, XBS J080309.8+650807, 



3 SIMBAD Astronomical Database is operated at CDS, Strasbourg, 
France. 

4 The 2MASS Explanatory Supplement is available in the web 
page: 

http://www.ipac.caltech.edu/2mass/releases/allsky/doc/explsup.html 



4 



J. Lopez-Santiago et al.: The stellar content of the XBSS 




0.1 0.2 0.3 
H - K s (mag) 



0.5 



- b 



15 



10 



5 - 







AO F0 GO K0 



M0 



-0.2 0.0 



0.2 



0.4 

J - K s 



0.6 
(mag 



0.8 



1.0 



1.2 



Fig. 2. a) Colour- colour NIR diagram fo r the stars in the BSS. Dashed and dotted lines are the main sequence track and the giant 
branch defined by B essell & Bred Jl989t) transformed here to the 2MASS system (see text). Spectral types of the main sequence 
are labeled with roman font, at the corresponding J - H value but offset in H - K s . Similarly, italic font has been utilized for 
labeling the spectral types of the giant branch, b) J - K s distribution of the sources in a). 



and XBS J051617.1+794408 for which we obtain two possi- 
ble counterparts with offsets of 2.3 and 7.1 arcsec, respectively. 
The photometry of the closest counterpart is very uncertain 
(flag = AEE in the 2MASS) and no conclusions about its spec- 
tral type can be inferred from it. Moreover, the 2MASS detec- 
tion could be doubtful because of the proximity of the other 
source. Thus, for our study we have chosen the counterpart at 
7.1 arcsec. 



For 23 of our sources we have optical spectra from the op- 
tical identification campaigns. Spectral types determined using 
this information are, in most cases, well in agreement with 
those inferred from the infrared colours. Note that typical er- 
rors in the colours of these sources are 0.04 mag, typically 
equivalent to 2-3 spectral subtypes. In Table[2]we give the re- 
sults of the spectral classification using the information of both 
the infrared colours and the optical spectra. Based on infrared 
colours, only two sources seem to be significantly reddened: 
XBS J095955.2+25 1549 and XBS J122942. 3+015525. The 
difference between the infrared and the optical inferred spec- 
tral types in both sources is higher than acceptable for their in- 
frared colour errors. Another source (XBS J074359.7+744057) 
shows discrepancy in the spectral classification. In this case, the 
infrared colour is more typical of a late-G or early-K star while 
the optical spectrum is clearly from a late-K dwarf. Likewise, 
the two stellar systems containing a white dwarf are clearly 
identified, since the low mass companion dominate in the in- 
frared range while the white dwarf is dominant in the optical 
spectrum. 



3. X-ray properties of the sample 

3.1. X-ray spectra and temperatures 

We have carried out a spectral analysis of all the 58 X-ray stel- 
lar sources using data from the EPIC camera and the XSPEC 
spectral fitting package (Arnaud 1996, 2004). When possible, 
data from the PN, MOS 1 and MOS2 detectors have been used. 
In some cases, no image from EPIC-PN has been collected due 
to both the source position in the field of view and the cam- 
era configuration - note that the source sample has been de- 
fine d using the data fr om the EPIC-MOS2 detector only (see 
Deli a Ceca et al.ll2004l for details) without restrictions in the 
EPIC-PN configuration - and only MOS data have been used. 

For the analysis, we have adopted the APEC database, 
which contains th e relevant atomic data for both continuum 
and line emission dSmithetalJl200lh included in XSPEC soft- 
ware. Interstellar absorption has been taken into account us- 
ing the interste llar photo- electri c absorption cross-sections of 
iMorrison & McCammor] i 19831) also available in XSPEC. A 
two-temperature model has been used for those stars where a 
lT-model does not account for the hard tail of the spectrum, 
i.e. the least-squares solution to the lT-model gives unsatisfac- 
tory x 1 goodness-of-fit values. Free parameters of the model 
are the Nw, the glob al abundance scaled on solar values from 
lAnders & Grevessel ll 19891) and the temperature and the emis- 
sion measure (EM) for each thermal component. For the stars 
HD 32558 and CD-39 7717B, a 3T-modelhas been used to ob- 
tain an accurate fitting to the hard tail of the X-ray spectrum. 

The results of the fits are shown in Table |5J for each star 
we give the value of the coronal temperature(s), the emission 
measures rate (EM1/EM2) when two thermal components are 
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Fig. 3. a) Temperature distribution for the sources where a lT-model has been fitted, b) Distribution of T\ and T2 of the stars 
where two thermal components have been fitted, c) Distribution of EM1/EM2 of the stars in figure b). 



fitted, the global abundance (Z/Z ), the interstellar absorption 
(A^h), the reduced x 2 value and associated degrees of freedom 
of the fit, the total net counts in the EPIC (MOS + PN) chips 
and the unabsorbed flux in the energy range 0.5-10 keV. The 
error ranges refer to the 90% confidence region, or 2.706 <x. 
For those sources with known parallax, the X-ray luminos- 
ity (logL x ) has been determined (see Table @}. The results 
show a sample dominated by active stars -even though it is 
highly biased - with log Lx values typical of those observed in 
the Hyades and the Pleiades. Furthermore, two of the sources 
(J001002.4+1 10831 and J123600.7-395217, see Table|3 have 
been identified with post-T Tauri stars. 

In Fig.|5]we plot the results in terms of temperature and EM 
distributions. For the sources where a lT-model is adequate 
for reproducing the spectra, a broad spread of temperature is 
present (see Fig.|3^). For them, no definite conclusions can be 
reached. Some of the sources showing a low coronal tempera- 
ture have a very low S/N, and little can be said about their tem- 
perature stratification but that the X-ray spectra is dominated 
by this temperature. Several stars with a mean coronal temper- 
ature kT in the range [0.5,0.8] keV show high S/N suggest- 
ing that only one thermal component is present in the corona. 
However, this is common only in F-type stars. In addition, a 
considerable fraction of the sources (25%) have a mean coro- 
nal temperature over 0.8 keV. This suggests the presence of 
two unresolved thermal components in their X-ray spectra, the 
hotter component contributing more than the cooler one. On 
the other hand, the spread in the temperature distributions of 
both thermal components of the sources where a 2T-model has 
been used is remarkably lower (see Fig.[3ji). A Gaussian curve 
has been fitted to both peaks in the temperature distribution ob- 
taining a FWHM of 0.15 and 0.19 keV respectively, which is 
compatible with the estimated errors (see Table 0- These re- 
sults indicate that the corona of these sources can be described 
by two thermal components, a first one peaking at 0.31 keV 

and a second one at 0. 98 keV. Similar results were found by 

J 1 1 1 II 1 1 ' 1 

a number of authors ( Vaiana 1983; Schmitt 1984; Maier et al. 

ll986HSchmitt et alJl990l) for late-tvoe stars observed with the 

Einstein Imaging Proportional Counter dPC: lGorenstein etaD 



Il98lh . In particular, ISchmitt et ail Jl990t) found that a 2T- 
model with kT\ ~ 0.22 keV and W2 ~ 1.37keV is more ade- 
quate than the classical lT-model, for describing the observed 
X-ray spectrum of most of t he dwarfs in an exten sive sam ple 
of lat e-type stars. Although ISchmittl ill 984 and iMaier et all 
(1986) found that two such temperature comp onents corre- 
spond to regions of the IPC's peak sensitivity, ISchmitt et alJ 
(1990) conclude that the dichotomy is not due to an artifact 
of their analysis but musts represent an intrinsic property of 
the coronal spectra of mo derately active late K and M dwarfs. 
Confirming these results, Brigg s & Pvel J2003h show - using 
XMM-Newton observations - that the temperature structure 
in the quasi-steady coronae of solar-like Pleiads can be repro- 
duced by two thermal components with approximately equal 
emission measures. 

The values of the two temperatures we have found for the 
stars in which a 2T-model is needed are compatible with the 
ones obtained by Brigg s & PveM2003l) in non-saturated K stars 
in the Pleiades (see their Fig. 5). The contribution of both com- 
ponents of our sources to the X-ray spectrum is also in agree- 
ment with their results for K stars. In Fig.|3j; we plot the distri- 
bution of the ratio of the emission measures (EM\ /EM2) of the 
sources. The data show a peak around 1.0-1.5, with a spread 
that accounts for the different contributions of the two ther- 
mal components in each coronal source. Only four stars present 
higher contribution of the hotter thermal component, all them 
containing more than 3000 counts. On the other hand, three 
sources show EM1/EM2 values higher than 3, i.e. their spec- 
trum is clearly dominated by the cooler component. All these 
stars contain less than 1000 counts. Although one is tempted 
to look for a correlation between the number of counts and 
EM] I EM2 - since the higher is the coronal activity the hot- 
ter is the corona of the source and the higher its count rate - no 
clear conclusions can be inferred from these results since some 
of the sources with high S /N do not show higher contribution 
of the hotter component. 

The values of A^h determined from the fitting of the X- 
ray spectra are typical of nearby stars for the majority of our 
sources. However, nine of them (15% of our sample) show a A^h 
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Fig. 4. X-ray light curves of the most prominent variable sources in our sample (E = 0.5- 10 keV). The curves have been corrected 
of background (see text for details), GTI and dead-time effects. EPIC-PN data have been used except for XBS J014100. 6-675328 
(BL Hyi), where we have chosen EPIC-MOS 1 data to show also the first emission decay. 



significantly higher than the Galactic column density. The high 
A^h derived implies that these stars might be surrounded by dif- 
fuse interstellar material left-over from its formation, since 
all our stars are nearby (see § [Q. The total number of counts 
of some of these sources is very low and no conclusions can be 
inferred from the fitting. In these cases, the high value of A^h 
could be an artifact of the fitting procedure and other solutions 
with similar goodness-of-fit values, but with different fitting pa- 
rameters, could be obtained. Instead, at least two of the sources 
(XBSJ074359.7+744057 and XBS J122942. 3+015525) with 
high Nh (0.76 x 10 21 and 2.73 x 10 21 ctrT 2 , respectively) have 
also a high number of counts (~ 700 counts) and show evi- 
dences of local reddening in their infrared colours, when com- 
paring them with the spectral type deduced from their optical 
spectrum (see Table EJ. The source XBS J095955.2+25 1549, 
with A^h = 0.76 x 10 21 crrT 2 , also shows a discrepancy between 
the spectral type deduced from the infrared colours and that de- 
termined from the optical spectrum. A Nr of 0.6 - 2.7 x 10 21 
cm 2 (corresponding to Ay ~ .3 - 1.3 mag., us i ng th e 
(AyAy)gai relation in lRvterl Jl996b and lVuong et"afl J2003)) 
is compatible with that found in some young stars in the nearby 



stellar association s TWHya, Tucana -Horologium and /J Pic 
fe.g. lKastner et alJ2003tlZuckerman & Songl2004l) . where the 
residual circumstellar material is expected to dominate the X- 
ray absorption. Thus, at least for these three sources, the high 
A^h seems not to be an artifact of the fitting process but the re- 
sult of X-ray absorption by circumstellar material, indicative of 
a young star yet close to its formation site. In particular, they 
could be weak-lined T Tauri stars (WTTS) that have already 
lost their disk since, since they do not present any IR excess in 
the colour-colour diagram (Fig|5Ji). 

3.2. X-ray variability 

The light curve of the sources in our sample has been investi- 
gated with the aim of finding variations in their X-ray emission. 
A best extraction region has been determined for each source 
taking their psf into account in order to contain the maximum 
number of photons coming from the source and the minimum 
from the background. Besides, a background light curve has 
been extracted for background subtraction, from a region of 
the field of view close to the source and free from other con- 
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taminating sources. Error bars have been determined assuming 
Poissonian distribution of the photons collected by the chip in 
both source and background regions. 

For our study we have utilized a Kolmogorov-Smirnov test. 
We have chosen a (significance) probability P > 0.05 for dis- 
carding the source as variable, which means we can reject the 
hypothesis that the source is constant - i.e. the X-ray photons 
came from the source in a constant rate - at the 95% confi- 
dence level. Of the 58 sources composing the BSS, 39 fulfill 
this condition and other 3 are in the range 90-95%. This means 
that 67% of the sources of the sample are variables. Fifteen of 
these sources show at least one flare during the observations, 
corresponding to 26% of the sample. 

The observed curves show very different patterns re- 
lated with distinct processes (see Fig. 0}. For instance, 
XBS J05 16 17. 1+794408 and XBS Jl 10320.1+355803 present 
solar-like flare events. These sources have been identified (see 
§|2j with the stars HD 32558 and HD 95735, respectively. The 
latter is a well-known flare M2 dwarf. On the contrary, little 
is known about HD 32558. SIMBAD database classifies it as 
F8, and photometric data from Tycho-2 confirm it is an F star. 
In a study of the X-ray variability of Pleiades late-type stars, 
Mari no et alJ J2003I) show that F-G Pleiades stars are variable 
on medium or long time scales (days-months). Short time 
(flare) variability (i.e. time scales of hours) is also observed, 
although it is more common in dK3-dM stars. Comparing the 
time X-ray distribution functions with those of field stars, the 
authors demonstrate that short time variability is more com- 
mon in Pleiades F-G stars than in field dwarfs of similar spec- 
tral types. Thus, the observation of this X-ray flare suggests it 
is a young star, although we cannot discard the existence of a 
cooler companion producing the event. Other stars show light 
curves that may be produced by quite different physical pro- 
cesses. Thus, the continuous enhancement observed in the light 
curve of XBS J123600.7-395217 could be related with accre- 
tion processes in T-Tauri class objects. The source has been 
identified (see §|2ji with the very young system CD-39 7717 
(TWA-1 1), made up of a T-Tauri star with spectral type AO and 
an M2.5 young star and member of the TW Hya association 
(TWA). The AO star contains a debris system which is bel ieved 
to have a terrestrial planetary system JLow & Smifhl20 05). The 
M companion is a PMS. The resolution of the X-ray observa- 
tion does not permit to separate the components and not much 
can be said about which star the X-ray emission comes from 
or whether it is the sum of the emission of both. Nevertheless, 
the AO component is known to be under-luminous in X-rays 
compared to the average ob served X-ray emiss ion for the rest 
of the TWA members ("e.g. lLow & Smifhl2005l) and so the ob- 
served emission is likely to came from the secondary. We have 
used a Chandra ACIS-S observation from the archive in which 
the system has been serendipitously observed (Obs. ID: 2150) 
in order to resolve both components. The position of the X-ray 
source in ACIS-S confirms that the emission comes from the M 
star. This agrees with the results of the cross-identification (see 
§|2j where the source is identified with the M star. 

The other two examples of peculiar X-ray variability are 
XBS J124938.7-060444, identified with the chromospheric ac- 
tive binary IM Vir, which X-ray emission shows a clear modu- 



lation with time, and XBS J014100.6-675328 (BL Hyi) which 
show an energetic flaring e vent decaying in o ne hour. This latter 
is a well-known polar (e.g. lTovmassian et al.l200ll) observed in 



an accretion state. 



4. Model predictions 

4.1. Model description and assumptions 

The X-ray Galac tic model XCOUNT JFavata et alJ Il992t 
iMicela et al.lll993l) has been used for predicting the number 
and properties of the coronal sources expected in the BSS. The 
model is based on the stell ar spatial densities of the Bahcal l 
& Soneira model ( Bahcall & Soneira 1980; Bahcall 1986). 



Although the Bahcall & Soneira model includes both an expo- 
nential disk and a spheroid, XCOUNT considers only the disk 
com ponent due to the l ow X-ray luminosity of spheroid stars 
("see iFavata et all 1 19921) . With the sensitivity of the BSS, ac- 
tive coronal sources with L x ~ 10 29 erg s _1 could be observed 
at distances up to ~ 110 pc, while the maximum distance at 
which a typical quiet star with Lx ~ 10 27 erg s _1 might be 
visible is ~ 10 pc. Then, the approximation to a disk is quite 
realistic since we are observing only stars in our n eighbour- 
hood. Note that the scale height adopted by Ba hcalll Jl986l) is 
350+50 pc for main sequence stars and 250+ 100 for giants. On 
the other hand our model is not simply a disk. The spatial dis- 
tributions of the disk population in the original optical model 
has been modified to separate several distinct subpopulations 
of A-M stars of different ages. This introduces an explicit de- 
pend ence of the stellar s patial distribution and density on stellar 
age dMicelaet al.ll993l) . 

Different scale heights have been adopted for distinct age 
ranges: 100, 200 and 400 pc for 0.01-0.1, 0.1-1, and > 1 Gyr 
respectively. They h ave been determined taking the results of 
Basu & Ranal d 19921) into account. Assuming th e Galaxy to be 
forme d by a disk isothermal in the z-direction dWielen & Fuchsl 
1983) the scale height {H) is correlated with the velocity dis- 
persion (<x z ) as H oc cr 2 . A t the same time, the velocity dis- 
persion is proportional to t n JVillumserJ 19851) and so the scale 
height is proportional to the age as H oc f 2n . The v alue of n must 
be determined from empirical data. In particular, Basu & Rana 
( 1992) obtain 2n = I using data given in iRobin & C reze 
(1986). 

Three different X-ray luminosity functions (XLFs) have 
been utilized for the distinct age ranges: the youngest stars 
with ages 0.01-0.1 Gyr are assigned the ROSAT XLF of the 
Pleiades members (Mic ela et alJ ll996): intermediate-age stars 
with age s 0.1-1 Gyr are assigned the ROSAT XLF of the 
Hyades JStern et alJ fl995>: and the older ones (f > 1 Gyr) 
are as signed the XLF of Einstein studies of nearby old- disk 
stars dSchmitt et alJ fl985l iMaggio et allll987t iBarbera et ail 
1993). The XLFs have been appropriately converted to the 
band pass of the observa tions, assuming a given input spectrum 
("see IFavata et al.lfl992l for details). Such a set of XLFs per- 
mits to evaluate the contribution to the total number of stars of 
different age populations without losing inf ormation about the 
assumed optical Galaxy model JFavata et alJ l992). 
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Table 1. XCOUNT predicted X-ray counts using different stellar birthrates, compared with the observations. 





B 


A 


F0-F6 


F7-G 


K 


M0-M5 


Total 


Range* 


Observed* 


1 


2 


9 


9 


21 


14 


56 






Constant birthrate (r = <x>) 




2 


3 


5 


7 


14 


31 


19- 


43 


Slowly decreasing birthrate (t = 


15 Gyr) 


2 


3 


4 


6 


11 


26 


15- 


35 


Rapidly decreasing birthrate (r 


= 5 Gyr) - 


2 


3 


3 


5 


7 


20 


12- 


28 


Slowly increasing birthrate (r = 


-15 Gyr) - 


2 


3 


6 


8 


18 


37 


24- 


51 



Range of total number of stars predicted by the model, for each stellar birthrate. This value has been estimated taking the relative error on the 
predicted source counts and the statistical uncertainties in the model simulation into account. 
* The two binary systems containing a white dwarf (see §|2j have been discarded for the comparison. 



In general, predicted optical star counts are not strongly 
influ enced by ag e distribution of the disk populations 
JMicela et all 19931) because both optical luminosity and colour 
do not change substantially with stellar evolution during the 
main sequence lifetime. On the contrary, due to the high de- 
pendence of the X-ray luminosity with age JMicela et all 19851 
1 19881 iGuedel et alJll997t iFeigelson & Montmerldll999l) the 
assumed age distribution has significant influence on the pre- 
dicted X-ray source counts. Here we have performed model 
computations with the three age subgroups having relative den- 
sity on the plane derived from an exponential law: 

y ¥ = Ae~ t/r (1) 

where t can take the values oo, 15, 5, and -15 Gyr, cor- 
responding to constant, slowly decreasing, rapidly decreasing, 
and slowly incr easing stellar birthra te respectively, according 
to the results bv lBasu&RaiialJl992l) . 

4.2. XCOUNT model results 

In Fig. |3 we show the predictions of the model with relative 
density distributions for the three age subgroups given by the 
above mentioned stellar birthrates. The numbers are summa- 
rized in Tabled The 2MASS J - colours of the observed 
X-ray sources infrared counterparts have been converted to the 
Bessell & Brett photometric system - utilized by the model - 
using the transformations given in the Explanatory Supplement 
to the 2MASS All Sky Survey, for comparing observations with 
predictions. 

A first inspection of the results suggests the stellar birthrate 
to be an increasing function of time since the total number of 
predicted sources is in better agreement with the observed ones 
when using t = -15 Gyr 5 . However, the number of predicted 
M stars using this birthrate is quite above the observed one, 
even taking the error propagation in the model into account. On 
the contrary, predictions made for M stars using both constant 

5 Note that typical values for the relative error on the predicted 
source counts - for the error propagation of the statistical errors asso- 
ciated with the X-r ay luminosity functions - are in the range 15-30% 
( Fava ta et al Jl 19921) . Taking this and t he_ y/N statistical uncertainties 
in the model simulation into account iFeigelson et alj|2004ft we esti- 
mate a range of 19^-3, 15-35, 12-28, and 24-51 predicted sources 
for stellar birthrates with r = oo, + 15, +5, and - 15 Gyr respectively. 
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Fig. 5. Colour distributions predicted by XCOUNT (continu- 
ous line) compared with the observed one (dashed line) for 
different stellar birthrates assuming an exponential law ¥ = 

Ae-' iT . 

or slowly decreasing birthrates are quite in agreement with the 
observations. Note as well that the slowly increasing stellar for- 
mation rate (SFR) gives results very similar to those of the con- 
stant birthrate. 

On the other hand, the model does not account for the num- 
ber of observed FGK stars using any of the birthrates anal- 
ysed here. An ex cess of yellow stars is also observ ed in other 
shallow surveys jFavata et al J 1 19881 iMicelal Eool that can- 
not be reproduced by Galact ic mod e ls usin g s mooth shapes of 
the SF R. In particular. iFavata et alJ dl993h and lSciortino et alJ 
( 1995) confirm the excess of yellow stars in the Extended 
Medi um Sensitivity Survey of Einstein (EMSS. |Gioia et all 
1990) to be due to young stars. Similarly, Mic ela et alJ d2006) 
find an excess of FG K stars in th e ROSAT North Ecliptic 
Pole survey (NEP. lHenrv et all200ll) . This result excludes sce- 
narios with decreasing stellar birthrate, but does not discard 
continuous SFR with one or more burst. Studies of the IMF 
dMiller&Sca!olll979h and metallicity distribution in F stars 
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Fig. 6. Colour distributions predicted by XCOUNT for different stellar birthrates assuming an exponential law *P = Ae~^ T . The 
contribution of different age-subgroups to the total source counts is shown in each plot. 



( lTwarog|ll980t ICarlberg et ai1ll985l) show that the SFR has 
basically remained constant over the age of the Galactic disk, 
or tha t it might have been smaller in the past (Miller & Scalo 
I1979I) . Our results show that the constant and the slowly in- 
creasing birthrate hypothesis are nearly equivalent and none of 
them reproduce the counts for yellow stars. 

4.3. The nature of the FGK excess 

From the results presented above one can argue that no smooth 
stellar birthrate can account for the observed distribution of 
stars. Although the total number of sources can be quite well 
reproduced using a slowly increasing SFR, the observed and 



predicted distributions in spectral type are different: there is 
an excess of stars with spectral types F-K in the observations 
and there is a lack of observed M stars that compensates the ex- 
cess of FGK stars. Taking into account that using different scale 
heights makes the total number of stars vary but not the rela- 
tive distribution in spectral types, and assuming that the stellar 
birthrate is indeed smooth - no definite evidenc es of star- burst 
are observed in the r ecent history of the disk (see lTwaroJ l980: 
ICarlberg etaiT l985. but see also Barry 1988) — the discrepancy 
between predictions and observations must be due to a stellar 
population not accounted for by the model. 

In Fig. [6] we show the relative contribution of the stars in 
the three age ranges to the total stellar counts, when using SFR 
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with t — oo, +15, +5, and -15 Gyr, respectively. In the cases 
of rapid or slowly decreasing birthrates, the X-ray population 
is dominated by intermediate age and old stars with almost the 
same contribution. However, when using a constant or a slowly 
increasing SFR the intermediate age sources are clearly domi- 
nant. In all the cases, the young stars give a small contribution 
(less than 20%). The XCOUNT model allows the determina- 
tion of the number of sources of any type expected in an X-ray 
observation given their spatial distribution and lumin osity func- 
tion, since they are treated as external parameters (iFavata et alJ 
Il992l) . Thus, we have used XCOUNT to predict the number of 
disk giant stars observed in the BSS, using the spatial distribu- 
tion of the Bahcall and Soneira model, a scale height of 250 pc 
and a coronal temperature of 1 . 1 ke V ISchmitt et alfl9 90). The 
result is that no more than 1 giant is expected to be detected in 
the sample, which discard giants as the cause of the observed 
excess of yellow stars. 

Bearing the results discussed above in mind, we infer that 
only two populations can be responsible of the excess in the 
BSS: active binaries - RS CVn and BY Dra systems - and/or 
very young objects. In Fig.[7]we plot the logA^-logS predicted 
at high latitude for the four stellar birthrates, compared with 
observations in the fields observed with the medium filter (the 
results with the other filters are equivalent). The observed cu- 
mulative curve is clearly above the predictions. At low count- 
rates, the curve is almost parallel to the predicted log iV-log S 
but at high count-rates (> 6 10~ 2 s -1 ) there is a bump that could 
result from the presence of a population of sources with high 
X-ray luminosity and with low scale height. This would show 
a scenario of recent stellar birthrate enhan cement, which is in 
agreement with the r esults of the EMSS (Fav ata et alJ ll993: 
ISciortino et aljfl995l) . On the other hand, if we assume the 
scenario with an increasing stellar birthrate to be correct - as 
suggested by the better fit to the total number of stars (see 
Tabled - we would be observing less M stars than those pre- 
dicted. A possible hypothesis for the observed excess of yellow 
stars in such a scenario with a increasing stellar birthrate and a 
lack of red stars is the existence of a number of X-ray M dwarfs 
in binary systems with a yellow primary. 

5. Discussion and conclusions 

We have studied in detail the stellar content of the XMM Bright 
Serendipitous Survey. 2MASS counterparts have been identi- 
fied for each one of the 58 X-ray sources. This unbiased stellar 
sample has been characterized in the sense of coronal temper- 
ature, global abundance and column density, and a study of the 
light curves has been carried out to reveal the X-ray variable 
population. Taking into account that the sample is unbiased, 
the results must be typical of the entire Solar Neighbourhood 
at the flux limit of the survey. This is the first time in which a 
complete X-ray spectral characterization has been carried out 
for a survey of this kind, thanks to the XMM-Newton effec- 
tive area. In general, the coronal temperature stratification of 
our sources is typical of moderately active stars. Their spec- 
trum can be fitted using a 2T-model with kT\ = 0.32 + 0.08 
keV and kT 2 = 0.98 + 0.09 keV. Only for two sources, a third 
thermal component has been necessary for fitting the hard tail 
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Fig. 7. Log A^-Log S predicted assuming r = oo, +15, +5 and 
-15 Gyr, compared with the BSS results (thick solid line) for 
the fields observed with the medium filter (energy band 0.5- 
4.5 keV). For the comparison we have used an standard high 
latitude direction b = 60°. 



of the spectrum. For other sources, with low S/N, a lT-model is 
adequate for reproducing the spectrum. The value of the tem- 
perature in these cases is not representative of the temperature 
stratification but only of the dominant thermal component. Of 
the 58 sources, 42 present variability in their light curves, corre- 
sponding to 67% of the whole sample. Fifteen of these sources 
(26% of the whole sample) show at least one flare during the 
observations. 

We have performed a detailed comparison between the ob- 
served stars and the predictions computed using the XCOUNT 
model with four different stellar birthrates. From the compari- 
son of the expected number of stars of each spectral type with 
that inferred from the 2MASS counterparts, we show that a de- 
creasing stellar birthrate scenario is not probable since the total 
number of predicted stars is clearly below the observed one, 
even taking model uncertainties into account. A constant SFR 
can reproduce well the number of A and M sources observed, 
but still underestimates the total number of observed stars. On 
the contrary, an increasing birthrate seems more suitable to the 
BSS: the total number of predicted sources fit well with the 
observations bearing in mind model uncertainties, although it 
overestimates the total number of M stars. On the other hand, 
the excess of FGK stars can not be reproduced using only a 
smooth stellar birthrate. Assuming that the stellar birthrate is 
indeed smooth in the last billion years, we infer that the dis- 
crepancy between observations and predictions must be pro- 
duced by a stellar population not directly taken into account in 
the model. 

In the logA^-logS diagram, the cumulative curve of the 
BSS sources is above the predicted one for the four stellar 
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birthrates analyzed here. The BSS curve runs parallel to the 
predicted ones for low count-rates, but at higher count-rates 
(> 6 10~ 2 s _1 ) a bump is clearly observed. This again sug- 
gests the existence of a population with high X-ray luminos- 
ity and low scale height contributing to the sample. The high 
percentage of flare stars observed in the sample is in agreement 
with this hypothesis. Nevertheless, the lack of observed M stars 
with respect to the predictions when using the increasing stellar 
birthrate suggests another explanation: the existence of a num- 
ber of X-ray M stars in binary systems with a yellow primary. 

We have shown that a scenario with a decreasing stellar 
birthrate is not suitable for the observed number of stars and 
their distribution in spectral type. Furthermore, the situation 
with a constant SFR underestimates the total number of ob- 
served sources and does not seem to be appropriate. On the 
contrary, we show that a scenario with an increasing stellar 
birthrate can account for the total number of stars, and that the 
discrepancy in the distribution of the stars in spectral type be- 
tween predictions and observations could be due to a popula- 
tion of young stars with low scale heights or to a number of M 
dwarfs in binary systems with a yellow primary. 

Finally, we have shown that in several stars of the sample, 
some residual material left-over from its formation could be 
present. The value of 7V H determined for these stars is compat- 
ible with the optical absorption and column density observed 
in stars of the young stellar associations TWHya, Tucana- 
Horologium and /?Pic. This agrees with the scenario with an 
increasing stellar birthrate and a population of young stars in 
the Solar neighbourhood. These stars would be good targets for 
examining the evolution of gaseous circumstellar disks around 
young stars. 
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Table 2. Infrared counterparts identified for the stellar sample. Colour information from 2MASS is provided. Errors in the colours refer to the 
total photometric uncertainty as described in 2MASS. The two sources marked with t are the two binary systems with a white dwarf. 



XBSS . . .) Optical counterpart 2MASS counterpart Spectral type 



RA Dec Offset J H K s 

(J2000.0) (J2000.0) arcsec (mag) (mag) (mag) IR count. Opt. spectrum 



1002.4+110831 


34 Psc B 


00:10:02.38 


+ 11:08:37.8 


6.8 


8.65 


±0.02 


8.34 


± 


0.03 


8.18 


± 


0.02 


Gl 


- 


1051.6+105140 




00:10:51.39 


+ 10:51:40.2 


3.4 


12.47 


±0.02 


11.96 


± 


0.03 


11.85 


± 


0.02 


K2 


K2 


1749.7+161952 


39 Psc 


00:17:49.97 


+ 16:19:51.8 


3.5 


6.29 


± 0.02 


6.09 


± 


0.02 


6.05 


± 


0.02 


F4 


- 


Z953. 1+044524 


- 


00:29:53.22 


+04:45:23.3 


1.4 


10.14 


±0.04 


9.88 


± 


0.04 


9.80 


± 


0.04 


F6 




5822.9-274016 


Bok II 284 


00:58:22.98 


-27:40:14.0 


2.2 


10.84 


± 0.03 


10.35 


± 


0.03 


10.24 


± 


0.02 


Kl 




Z757.2+ 190000 


- 


01:27:57.15 


+19:00:00.9 


1.4 


9.82 


±0.02 


9.31 
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0.03 


9.19 
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0.02 


KT 

r 




Z757.3+185923 


BD+18 193 


01:27:57.37 


+18:59:25.0 


1.1 


8.24 
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7.94 
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7.86 
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0.02 


Gf 

a 




1100.6-675328 >' 


BLHyi 


01:41:00.38 


-67:53:27.3 


2.2 


14.32 


± 0.04 


13.66 
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0.04 


13.25 


± 


0.05 


M| 


Am 


1830.0-045514 




02:18:29.91 


-04:55:13.7 


1.6 


10.92 


±0.02 


10.28 
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0.02 


10.06 


± 


0.02 


m| 
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)744.6-710846 
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04:07:44.64 


-71:08:47.0 


0.2 


14.11 


±0.03 


13.53 
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0.04 


13.25 
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0.04 


5 
M§ 


M2-3e 


)807.2-712702 


EXO 0408.4-7134 


04:08:07.07 
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1.7 
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±0.02 


9.00 
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8.84 


± 


0.03 


k| 




1617.1+794408 


HD 32558 


05:16:17.33 


+79:44:10.8 


2.3 


9.55 


±0.11 


9.61 


± 


0.08 


9.21 


± 


0.04 




- 


Z048.9-454128 


HD 274404 
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4.8 
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± 


0.02 
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± 
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T J 

K| 


K5 
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6.90 
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6.74 
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- 


5427.8+584158 


GSC 03811-00428 
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0.02 
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± 0.03 
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± 


0.03 


M5 


5955.2+251549 
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3.3 
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±0.02 
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0.02 
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F& 


A9 


Z044.1+081424 
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HD 95735 


11:03:20.23 


+35:58:11.7 


8.2 


4.20 


± 0.24 


3.64 


± 


0.20 


3.25 


± 


0.31 


M6: 


M2 


Z655. 1+012002 




12:26:54.97 


+01:20:00.3 


3.1 


14.39 


±0.03 


13.80 


± 


0.03 


13.57 


± 


0.05 


M2 


Ml-3 


Z751.2+333842 




12:27:51.19 


+33:38:43.3 


0.9 


9.44 


±0.02 


8.82 


± 


0.04 


8.64 


± 


0.02 


M0 


K7 


Z837.3+015720 


GSC 00282-00187 


12:28:37.19 


+01:57:20.4 


2.0 


10.90 


±0.03 


10.26 


± 


0.03 


10.04 


± 


0.02 


M2 




Z942.3+015525 


GSC 00282-00477 


12:29:42.47 


+01:55:24.8 


1.6 


11.39 


±0.02 


10.98 
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0.02 


10.89 
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0.03 


G9 


F9-G2 


3208.7+640304 




12:32:08.90 


+64:03:02.8 


1.8 


12.73 


±0.02 


12.13 
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0.02 


11.95 
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0.02 


K7 


K7 


3549.1-395026 




12:35:48.93 


-39:50:24.5 


2.9 


9.79 


±0.03 


9.22 
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0.02 


8.94 
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M4 




3600.7-395217 


CD-39 7717B 


12:36:00.55 


-39:52:15.6 


3.1 


9.15 


±0.02 


8.53 
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0.04 


8.35 
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0.03 
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Table 2. continued. 



XBSS . . .) 



Optical counterpart 



2MASS counterpart 



Spectral type 



RA 
(J2000.0) 



Dec 
(J2000.0) 



Offset 
arcsec 



J 

(mag) 



H 

(mag) 



K s 
(mag) 



IR count. Opt. spectrum 



1938.7-060444 


IM Vir 


12:49:38.68 


5321.2+503102 


GSC 03469-00261 


13:33:21.00 


5626.9-342636 


- 


13:36:26.90 


1732.0+582103 


- 


13:47:31.95 


3219.6-1 10458 


HD 122473 


14:02:19.63 


)936.9+261632 


- 


14:09:36.86 


1800.1+424409 


- 


14:28:00.01 


2901.2+423048 


HD 127244 


14:29:01.32 


5923.1+640912 


HD 129390 


14:39:22.83 


5156.6-082610 


HD 138372 


15:31:56.45 


2911.1+780442+ 


WD 1631+78 


16:29:10.31 


1944.8+781128 


RIXOS 122-10 


16:29:44.55 


5313.3+021645 


- 


16:53:13.28 


5710.5+352024 


- 


16:57:10.47 


5847.0-423704 


- 


20:58:47.02 


1635.8-445046 


HD 203915 


21:26:35.85 


5840.5-424241 


HD 205756 


21:38:40.55 


5323.7+173018 


- 


21:53:23.66 


1750.4-083210 


- 


22:17:50.40 


'.852.2-050915 


HD 213039 


22:28:52.40 


1833.3-511900 


eGru 


22:48:33.29 


1846.6-505929 




22:48:46.62 


5349.6-172137 




22:53:49.69 


)408.2+031820 




23:04:08.37 


1541.2-424125 


HD 219369 


23:15:41.42 


1553.0-423800 




23:15:52.96 


5325.7-152240 




23:33:25.99 


5032.3+363156 




23:50:32.36 



-06:04:44.7 
+50:31:03.7 
-34:26:36.5 
+58:21:03.5 
-11:04:58.3 
+26:16:31.9 
+42:44:10.7 
+42:30:50.6 
+64:09:14.0 
-08:26:09.7 
+78:04:39.9 
+78:11:27.8 
+02:16:45.9 
+35:20:25.0 
-42:37:04.4 
-44:50:47.7 
-42:42:39.3 
+ 17:30:20.1 
-08:32:10.2 
-05:09:13.3 
-51:19:00.6 
-50:59:28.1 
-17:21:35.8 
+03:18:21.4 
-42:41:25.9 
-42:38:00.0 
-15:22:38.1 
+36:31:59.5 



0.7 
2.9 
0.5 
0.5 
0.6 
0.7 
1.6 
2.0 
2.7 
2.9 
3.9 
1.1 
0.7 
1.0 
0.4 
1.7 
2.0 
1.7 
0.6 
2.9 
0.9 
1.5 
1.6 
1.5 
1.8 
0.6 
3.6 
2.7 



8.20 ± 0.02 

10.17 ±0.02 
11.85 ±0.04 
11.24 ±0.02 

6.76 ± 0.02 

11.18 ±0.02 
11.82 ±0.02 

7.73 ± 0.02 
6.72 ± 0.02 
7.51 ±0.02 

10.97 ± 0.02 
12.36 ± 0.02 

10.19 ±0.02 
11.80 ±0.02 

10.71 ± 0.02 
6.98 ± 0.02 

8.17 ±0.02 
11.13 ±0.02 

11.98 ±0.02 
8.59 ± 0.02 

3.18 ±0.28 

11.72 ±0.02 
11.19 ±0.03 

9.57 ± 0.03 
8.88 ± 0.03 
10.03 ± 0.02 
10.82 ± 0.02 
11.53 ±0.03 



7.74 ± 0.02 
9.90 ± 0.03 
11.36 ±0.04 
10.60 ± 0.02 
6.32 ± 0.03 
10.55 ± 0.03 
11.20 ± 0.02 
7.41 ± 0.02 
6.52 ± 0.02 
7.01 ± 0.04 
10.40 ± 0.02 
11.77 ±0.02 
9.94 ± 0.03 
11.22 ± 0.01 

10.27 ± 0.03 
6.76 ± 0.03 
7.97 ± 0.06 

10.58 ± 0.02 
11.38 ±0.02 
8.41 ± 0.04 
3.16 ± 0.27 

11.28 ±0.02 
10.62 ± 0.02 

8.93 ± 0.04 
8.67 ± 0.04 
9.52 ± 0.03 
10.26 ± 0.02 
11.04 ±0.03 



7.67 ± 0.02 
9.88 ± 0.03 

11.21 ± 0.03 
10.41 ± 0.02 

6.22 ± 0.02 
10.35 ± 0.02 
10.98 ± 0.02 
7.33 ± 0.02 
6.49 ± 0.02 

6.87 ± 0.03 
10.16 ± 0.01 
11.54 ± 0.02 

9.88 ± 0.02 

11.11 ± 0.02 

10.22 ± 0.02 
6.70 ± 0.02 
7.85 ± 0.03 

10.48 ± 0.02 
11.22 ± 0.02 
8.31 ± 0.02 
3.19 ±0.36 
11.15 ± 0.02 
10.32 ± 0.02 
8.85 ± 0.03 
8.56 ± 0.02 
9.40 ± 0.02 

10.12 ± 0.02 
10.91 ± 0.02 



K0 
F7 
K2 
K9 
K0 
Ml 

r 
g? 

F | 

k| 
m§ 

Mg 
F§ 

in 

g| 

Fft 
o 

f| 
k| 

F£ 

B$ 

K0 

M4 

K7 

F4 

K2 

K3 

Kl 



F6: 



M3e 
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WD 
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Table 3. Best fit parameters derived from the spectral analysis of the 58 stellar sources in the XMM-Newton Bright Serendipitous survey. Errors 
are measured as the 90% confidence range. 



Id. 


JfeTi 


kT 2 


EMJEM 2 


z/z Q 


N H 


x 2 


counts 1 


Unabsorbed flux 1 


(XBSS . . .) 


(keV) 


(keV) 






(xlO 21 cm" 2 ) 


(d.o.f.) 




(xlO -13 erg cnr 2 s -1 ) 


J001002.4+ 110831 


98 +0 09 






09 +0 05 


34 +0 55 

"■ J -0.34 


1 25 C66) 


828 


7 31 +L13 
'•-' 1 -i.oi 


J001051. 6+105140" 


10 +001 

"' -0.02 


2 01 +0 ' 62 

^•" -0.33 


6.60 


i -11+0.38 
^ -0.36 


9 19+O.59 
z " ii -0.40 


0.69 (24) 


69 


84 +0 ° 

"•° -0.00 


J001749. 7+161952 


041+ 0.04 

-0.03 






I 09+o.os 

" -0.08 


00 +0 33 
"•""-o.oo 


0.85 (53) 


890 


i 49+0.14 

-1.26 


J002953 1+044524 


O 9 ^ +0.04 
"• ZJ -0.04 






94 +013 

"• 7 -0.12 


5 89 +1 03 


1.13 (29) 


361 


Q 9^+2.38 
7 - iJ -8.40 


J005822.9-274016 


81 +0 19 

° -0.23 






04+ 04 

"•"^-0.03 


13 +U1 

"■ J -0.13 


0.81 (36) 


434 


1 35+ 032 
1 - J - J -0.41 


J012757. 2+ 190000 


1 00 +01 ° 

1,u -0.13 






14 +(m 

"- 1 -0.07 


00 +0 57 
"■""-o.oo 


1.13 (31) 


391 


j: q4+0.15 
J - y -2.52 


J012757.3+185923 


75 +0 04 

-0.05 






16 +007 

-0.05 


25 +0 - 50 

" J -0.25 


0.94 (81) 


1086 


18 73 + ! *t 


J014100.6-675328 


10 1 9 + ! 52 

-1.08 






! 14+0.39 


o oo + ° !! 3 

-0.00 


1.18 (328) 


9567 


8 or 2 -" 

°-" i -1.48 


J021830 0-045514 


34+ 05 

"• J -0.06 


1 16 +0 ' 02 
1,lu -0.02 


1.27 


16 +004 

"' -0.03 


30 +0 29 

"•-'"-0.25 


1.21 (226) 


6044 


2 18 +034 

^- IO -0.18 


J040744. 6-710846 


99+ 035 

"• 7? -0.16 






06+ 007 

"•""-0.04 


05 +0 05 

"■" J -0.05 


1.16 (39) 


323 


70 +019 

-0.22 


J040807. 2-712702 


35 +a07 

"• J -0.04 


95 +0 07 

7 -0.06 


1.29 


11 +003 

"- 1 -0.02 


19 +036 

"- 1 -0.17 


1.00 (215) 


3222 


t q7+o.6l 
J - 7 '-0.53 


J051617. 1+794408* 


34 +a03 

" ,J -0.02 


92 +a05 

"• 7 -0.05 


0.91 


13 +004 

■ -0.02 


10 +024 
"•"-o.io 


0.91 (332) 


5170 


9 49+0.05 
^•^ -0.73 


J052048.9-454128 


40 +007 

" "-0.06 


n q 1+0.09 

"• 7 -0.09 


0.77 


11 +006 

"- 1 -0.04 


00 +0 34 
"•""-o.oo 


0.94 (263) 


3708 


4 47+0.85 
^•^'-0.33 


J052155.0- 252200 


72+ 010 

"' ' -0.13 






23 +a7 ° 

"'^ -0.14 


Q Q7+1.22 
J.J/_j 16 


0.75 (54) 


220 


1 31 +0 ' 27 
J -0.99 


J062425. 7-642958 


"•^'-0.19 






11 +0 ' 54 

"- 1 -0.08 


1 34 +32 ' 

1,J ^-1.34 


0.66 (35) 


227 


1 7Q+0.37 
—1.14 


J074359 7+744057 


30 +0 05 

"• J "-0.04 


1 20 +a40 

1,z, "-0.20 


5.43 


08 +01 ° 

"•"-0.06 


9 7^+1.06 
^- ' J -1.09 


92 f65) 


1430 


4 03 +0 - 01 

3 53 


J080309 8+650807 


50 +0 05 

"• J "-0.03 






1 45 +0 - 71 

1 - HJ -0.14 


00 +0 80 
"•""-o.oo 


1.40 (59) 


707 


96 +013 

"•''"-O^S 


J085427 8+584158 


q 6 1+0.06 
"•"-0.08 






09 +0 06 

"•" 7 -0.04 


00 +0 52 

"•""-0.00 


71 (62^ 

\J • / X \ V7*-- J 


945 


1 36 +0 - 21 


J091043.4+054757 


1 02 +0 - 26 

1 - uz '-0.22 






04 +0 05 

"•"^-0.03 


21 +0 ' 73 


1.05 (74) 


1235 


1 18 +0 ' 26 


J095955. 2+25 1549 


i or 005 

1,u -0.06 






12 +004 

"- 1 -0.03 


76 +0 ' 21 

"■ '"-0.35 


1.05 (114) 


3214 


1 -3Q+0.21 
1 - J7 -0.23 


J102044. 1+081424 


f) 11+0.04 

"• J -0.03 






03 +0 03 

"•" -0.02 


i Qo+0.45 
'-■ 3J -0.46 


1.15 (48) 


1117 


9 79+0.34 
^ ' -1.58 


J105131. 1+573439 


32 +0 ' 08 

"• J -0.08 


93 +018 

"• 7 -0.14 


1.14 


15 +0 ' 20 

" J -0.06 


05 +0 - 90 

"■" J -0.05 


0.94 (79) 


1834 


1 02+ 010 

1 -" z '-0.53 


J110320.1+355803 


27+ 02 

-0.02 


071 +0.13 
"• ' -0.06 


4.18 


06 +0 01 
"•""-o.oi 


00 +0 01 

"'""-0.00 


1.29 (391) 


11147 


o q7+l.92 
J - 7 '-2.03 


J12275 1.2+333842 


26 +0 - 04 

"'^ -0.03 


S9 +om 

"•° -0.08 


1.23 


21+0.26 
"•^ i -0.09 


00 +0 71 
"•""-o.oo 


0.70 (67) 


1844 


1 01 +003 

1 -" i -0.77 


J122655. 1+012002 


1 08+ 031 

■ -0.31 






08 +016 

"•"°-0.07 


00 +0 11 
"■""-o.oo 


0.80 (59) 


708 


n oq+0.09 
u - JJ -0.26 


J122837 3+015720 


27 +0 - 03 

"• -0.04 


1 04 +010 

*•" -0.08 


1.99 


17 +008 

"- 1 '-0.06 


1 12 +13 ° 

i - ii -0.74 


81 H35} 


1857 


1 78 +034 

1 -'°-0.83 


J122942.3+015525 


29 +a07 
"•■"'-0.06 


1 03 +0 .! 3 


0.90 


35 + ° ?I 

-0.14 


1 94 + ! ■?? 

i - 7 ^-1.13 


0.96 (79) 


1059 


1 72 + ° 33 

1 • ' -0.78 


J123208. 7+640304 


25 +0 '° 

"'^ -0.07 


1 09+ 023 

1,u -0.15 


1.09 


10 +0 ' 24 


28 +1 95 

"•^°-0.28 


0.85 (44) 


534 


64 +014 

"•"^-0.40 


J123549. 1-395026 


32 +0 01 
"• JZ --o.oi 


90 +0 04 

"• 7 "-0.04 


1.73 


19 +004 

"• 1? -0.04 


00 +0 27 
"■""-o.oo 


1.08 (216) 


6004 


2 16 +a ' 9 

^- lu -0.58 


J123600.7-395217* 


Q3J+0.01 


1 01 +002 

-0.03 


0.81 


O 99+0.04 
-0.04 


00 +0 01 
"•""-o.oo 


1.42 (617) 


34052 


14 05 +2 45 

"■" J -3 .64 


J124938.7-060444 


64+ 01 
"•" -0.01 


1 21 +0 - 02 

^ -0.02 


0.83 


17 +001 

"- 1 -0.01 


001 +0.02 
"•" -0.01 


1.15 (517) 


40463 


22 39+ - 66 

ii,J7 -l .46 


J133321. 2+503 102 


60 +0 04 

"•""-0.04 






09+ 03 

"•" 7 -0.02 


98 +0 41 

" ,7o -0.38 


1.09 (170) 


1190 


1 25 +0 - 24 

1 -^ J -0.20 


J133626. 9-342636 


98+ 032 

"• 7o -0.41 






07 +015 

"•"'-0.06 


03 +2 15 

"•" J -0.03 


0.48 (16) 


466 


51 +015 

"• Ji -0.35 


J134732.0+582103 


82+ ,-!? 3 

"'" -0.03 






o 06+?!!! 

"•""-0.01 


"■""-o.oo 


1.06 (177) 


4120 


1 75 +015 

-0.16 


T14D71Q 6-1 104^8 

J 14UZ17.U 11U4JO 


r\ a A +0.1 6 
"•^ -0.12 






, , 1+3.88 
1-1 -0.94 


9 7 £+1.83 




4.Q1 
i 




J140936.9+261632 


35 +a09 

"• J -0.06 


94+ 017 

"• 7 M1.18 


2.48 




29 +1 03 

"'^-0.29 


1.04 (95) 


2402 


0.78!^ 


J 142800. 1+424409 


n to +0.08 


93 +012 


1.87 


0-23^ 


1 00 +207 

i '""-1.00 


0.84 (90) 


1226 


1 07 +018 

1 -"'-0.40 


J142901.2+423048 


n 4.Q+0 06 
"•^-0.08 






fl QQ+4 00 
XJ - yy -0.72 


00 +0 42 
"•""-o.oo 


1.15 (59) 


805 


70 +0 - 50 

"•'"-0.66 


J143923. 1+640912 


49+0.02 

"•^ 7 -0.03 






1 IT 3 ' 89 


om+o.09 

"'" 1 -0.01 


1.35 (120) 


2155 


1 61 +0 - 26 

1 '" 1 -1.35 


J153156.6-082610 


57+ 08 

"• J -0.32 






11+ - 22 

"• 11 -0.04 


1 07 +343 

i -"'-0.98 


0.87 (84) 


909 


°- 88 -a82 


J162911. 1+780442 


70+ - 20 

"•'"-0.41 






04+ 02 

"• w _0.02 


00 +0 92 
"■""-o.oo 


1.00(21) 


280 


i i q+0.08 
1 - 1 -'-0.88 


J162944.8+781128 


°- 74 -023 






10 +0 ' 29 
"^"-o.os 


10 +227 

"■ -0.10 


1.09 (9) 


150 




J165313.3+021645 


0.64+™ 4 








09 +1 18 

"•"^-0.09 


0.93 (79) 


1318 


0.70™ 


J165710.5+352024" 


0.851^ 






0.08_JJ; 33 


06 +3H 

"•""-0.06 


1.21 (7) 


232 


i 94+0.35 
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Table 3. continued. 



J. Lopez-Santiago et al.: The stellar content of the XBSS 



Id. 




kT 2 


EM[/EM 2 


Z/Z G 


N H 


x 2 


counts 1 


Unabsorbed flux + 


(XBSS . . .) 


(keV) 


(keV) 






(xlO 21 cm- 2 ) 


(d.o.f.) 




(xlO -13 erg cirr 2 s -1 ) 


J205847.0-423704 


74+0.06 
"• -0.09 


- 


- 


14+ 007 

-0.06 


34 +0 - 57 

J -0.34 


1.21 (72) 


1096 


71+ 018 

-0.31 


J212635.8-445046 


62 +0 05 

"•" -0.06 


_ 


- 


11 +007 

-0.04 


17 +078 

"• -0.17 


1.14(78) 


1899 


1 52 +031 


J213840.5-424241 


47+ 009 

"• H/ -0.14 


- 


- 


97 +0 B 

"•"-0.13 


oo +1 - 93 

"■""-o.oo 


0.97(118) 


1261 


O 79+O.O6 
"• -0.67 


J215323.7+173018 


i t 1+0.48 

-0.29 




- 


14 +03 ° 

" -0.11 


1 05 +1 36 


0.98 (75) 


507 


69 +0 - 27 

"• u:7 -0.21 


J221750.4-083210 


23 +a05 

"• z -0.04 


1 09 +0 - 28 

1 -" 7 -0.22 


3.61 


71+0-H 

-0.12 


7 44+115 

-1.59 


0.99 (49) 


546 


1 76 +009 

-1.43 


J222852.2-050915 


52 +0 05 

"• Ji -0.07 




- 


50 +L92 

U,JU -0.23 


36 +a88 

U,JU -0.36 


1.04(131) 


1550 


92+ 018 

"•^ Z -0.62 


J224833.3-5 11900 


30 +003 

"• J "-0.03 






65 +013 

"•" J -0.14 


4 Q4+0.73 


1.03 (26) 


170 


7 4 1 +0.64 
^- Hi -2.26 


J224846.6-505929 


69 +0 M 

"'"'-0.48 






09+ 053 

"'" -0.07 


00 +2 48 
u - u "-o.oo 


0.55 (20) 


139 


52 +al6 

"• JZ "-0.39 


J225349.6- 172137" 


13 +005 

"• -0.06 






4 74+0.26 
H -'^-4.72 


o qq+8.46 
°- 88 -3.85 


0.94 (20) 


71 


61 89 +20 ° 

ul -° 7 -61.85 


J230408.2+031820 


-1 1 +0.09 
-0.05 


91+013 

"' y -0.09 


1.48 


15 +016 

-0.05 


54 +017 

"' JH -0.12 


1.23 (81) 


1936 


4 17+0.69 
'-0.90 


J23 1541. 2-424125 








Q 71 +4.29 
"• 11 -0.53 


19 +089 


1.08 (79) 


862 


69+ 017 

"•"'-0.63 


J23 1553.0-423800 


0.78+°;* 






02 +0 02 

"•"^-0.01 


92 +0 79 

"•' -0.80 


1.01 (70) 


1247 


73+° i 6 

"• '-'-0.21 


J233325.7- 152240 


r. 9Q+O.O8 

"•^-0.07 


97 +003 

"• 7/ -0.02 


2.41 


09+ 005 

"•"-'-0.02 


1 09 +0 54 

1- " 7 -0.60 


1.31 (153) 


2853 


7 oc+0.33 
-0.91 


J235032.3+363156 


i iQ+0.14 
1-1 -'-0.14 






34 +0 09 

"• J -0.10 


o oo +0 - 52 

"'""-0.00 


0.77 (29) 


152 


1 05 +0 - 24 

!-" J -0.64 



Total net counts in the EPIC (MOS + PN) chips. 

* Unabsorbed flux in 0.5-10 keV. 

* For these sources, a 3T-model has been used to obtain an accurate fitting to the hard tail of their X-ray spectrum. The parameters of their third 
thermal component are a) XBSS J051617.1+794408 (HD 32558): kT 3 = 4.32+j 28 keV, EMJEM 3 = 3.57 and b) XBSS J123600.7-395217 
(CD-39 7717B, TWA 11B): kT 3 = 239^ f 5 keV, EM\ /EM 3 = 0.75. 

** Problematic sources. The fitting in these stars is much less accurate due to the few number of counts in their spectra after background 
subtraction. 

Table 4. Unabsorbed X-ray luminosity for the stars of the sample with known paralaxes. Emission measure (EM]) is also given. 
For those stars where more than one thermal component has been fitted to the X-ray spectrum, EM\ is the emission measure of 
the first component. 



Star 


distance 


log EM i 


logLx 


(XBSS ...) 


(pc) 


(cm" 3 ) 


(erg s- 1 ) 


J001002.4+110831 


99.60 


54.30 


29.94 


J001749.7+161952 


46.17 


52.33 


28.56 


J080309.8+650807 


114.02 


52.77 


29.17 


Jl 10320. 1+355803 


2.55 


51.21 


26.49 


J123600.7-395217 


67.07 


53.56 


29.88 


J212635. 8-445046 


114.16 


53.81 


29.37 


J213840.5-424241 


77.28 


52.49 


28.71 


J224833.3-5 11900 


39.75 


52.73 


28.65 


J23 1541. 2-424125 


99.11 


52.67 


28.91 



